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Pig skin was exposed to approximately 80 joules of hea t 
and electrical energy [50 Hz alternating current (a. c.) and 
direct current (d .c. )], respectively, under controlled con-
ditions in order to find methods to document electrical 
torture. Biopsies were obtained immediately after expo-
sure, and the morphology of the electrical lesions was com-
pared with that of heat lesions and unexposed skin by using 
normal and polarized light microscopy. In areas exposed 
I n recent years the use of electrica l torture has been reported in many countri es [1 -31. Electrica l torture is ideal for the tormentors as it is painful and provokes unpleasant muscular contractions [3] with little or no sca rrin g [4] . In order to find pathologic ev idence to distinguish the sequelae of electrica l 
torture from those of other superficial injuries we have performed 
controlled morphologic stud ies by applying hea t and electrical 
energy to the skin offull y anesthetized pigs. The changes in swine 
epiderm is after transfer of low-moderate amounts of heat and 
electrical energy have recently been described [5-11]. 
Studies of changes in dermis after such heat and electrical in-
juries have shown deposition of calcium sa lts on cellular structures 
after heat influence and a characteristic calcification pattern of the 
collagen fibers in 50 Hz altern ating current (a.c.) les ions and in 
the cathode areas after ap plication of direct current (d.c.). Such 
changes co uld be seen from day 2 after the injury [1 2, 13]. 
Since d.c. using approximately 80 joules of energy induces 
demonstrable deposition of calcium salts on the collagen fibers 
in the cathode areas 2 days after the injury, this energy level has 
been chosen in the succeeding studies. The purpose of the present 
study is to describe the immediate morphologic changes in dermis 
after transfer of approximately 80 joules of heat energy and elec-
trical energy, res pectively. 
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Abbreviations: 
a. c.: alternating current 
d. c.: direct current 
to 50 Hz a.c. and in cathode areas after d. c., where calcified 
collagen fibers have been found 2 days after injury, the 
collagen fibers showed a regular, densely spaced, cross-
striation. This type of cross-striation was not found in heat 
or al10de lesions . It was possible to blindly group all biop-
sies correctly with regard to influence of heat, 50 a. c. and 
d .c. J Inll est Dermatot 87:528-532, 1986 
MATERIALS AND METHODS 
Two 5- to 6-week-old and fully anesthetized Danish Landrace 
pigs weighing 10 and 12 kg were used in the experiments. Heat 
or electrical energy (a .c. or d .c. using approximately 40 V in 
both) was transmitted to the abdominal skin via 2 contact plates 
with a diameter of 12 m111 and a center distance of 17 mm [6,14] . 
The amount of energy transferred in the experiments is recorded 
in Table I. Exposure time was 40 s in all experiments . The entire 
exposed sk in areas were excised with a knife immediately after 
injury . The tissue samples were given random numbers and 3 
blocks with lesions in the center were cut from each biopsy, fixed 
in 4% phosphate-buffered formalin, and embedded in Paraplast. 
Three step sections were cut from each block, stained with he-
matoxylin /eos in , and orcein/Giemsa for the evaluation of elastic 
fibers, and were evaluated in blind studies using normal and po-
larized li ght microscopy. As the demarcation zone between af-
fected and unaffected tissue appeared more distinct by exami-
nation in polarized light, this method was used in the evaluation 
of the ma ximum depth of the lesions. Measurements were made 
in a Leitz Orthoplan microscope with an eyepiece micrometer 
and a stage micrometer. For the statistical analysis of the histologic 
measurements both a Student's I-test and a Wilcoxon rank sum 
test were used . 
RESULTS 
Unexposed Skin The structure of dermis around the lesions 
was found to be identical to that of unexposed skin observed 
ea rlier [12,15,1 6]. The thickness of dermis in the areas of the 
abdominal skin , where the experiments were carried out, varied 
from 0.7 mm to 1. 5 mm. In hematoxylin/eosin stained sections 
the collagen fibers appeared slightly eosinophilic and in polarized 
light they almost uniformly showed birefringence without any 
cross-striation (see Fig 2a). The elastic fibers appeared dark brown 
when stained with orcein/Giemsa. 
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Table I. Depth of D ermal Lesions and T hi ckn ess of Dermis Within the Affected Areas in Various Kinds o f Lesions 
Thickness of Thickness of 
Thickness of Thickness of Dermal Lesion Unaffected Dermis in 
No. of Energy Dermis in Dermis in with Polari zed Affec ted Areas with 
Type of Energy Biopsies Joules Unaffected Areas Affecrt:d Areas Light Polarized Light 
8 73-98 0.93-1.31 0.55- 1.06 0.48-1.06 0.00-0.24 Heat 1.1 2 ml11 0.82 mm 0.73 mm 0.08 mm 
Alternating current 8 80-99 0. 96- 1.31 0.45- 1.1 0 0.05-0.59 0.40-0.95 1.09 111111 0.88 mill 0.21 111m 0.67 mm 
Direct current 
Anode 8 78-80 0.71-1.50 0.45-0.73 0.27-0. 51 0.04-0.40 1.1 4 mm 0.62 mm 0.39 111m 0.23 111111 
Cathode 8 78-80 0.89-1.40 0.83-1.19 0.76-1.19 0.00-0. 19 1.08 1111ll 0.94111 111 0.92 111111 0.02 mm 
The rall ges arc givclI as wel l as the mca ll S. III all biops ies the thickness or the dermis ill the aflected area was significa ntl y smaller than the thickness or dermis in the 
adj acent un affected area: fl. < 0.00 1 vs fI < 0.0 1. The thickness o r unaffected dennis in thc ca thode area using illuminatio n with polarized li ght was significan tl y smaller 
th an th e thi ckness or unafl ected dermIS 111 the anode arca (p < 0.00 1 111 both th e unpaired Hcst and the W,lcoxon rank sum test). 
Heat Lesions All hea t lesions had the same size as the heat 
transfer kn obs and were diffuse, i. ,e., changes were present within 
the entire exposed areas. The depth of th e lesions varied (Table 
I). T he lesions had the shape of an inverted cone or of an inverted 
truncated cone. The thickness of dermis withi n the exposed areas 
was sig nifi cantly redu ced (p < 0.001) compared with the unex-
posed skin around th e les io ns. 
Most of the collagen fibers in th e lesions were swo ll en and 
ap pea red intensely baso philic in hem atoxy lin /eos in stained sec-
tions (Fig 1 n). Fibers , either sli ghtl y m ore or less eosinophili c than 
n o rmal , were present in the peripheral and in the deep part of the 
les ions. In polari zed li ght all basophili c fibers were without bi-
refringence properties, while the eosinophilic fib ers showed coa rse 
irregul ar cross-striation due to a segmental absence of birefrin-
gen ce (Fig 2b). This cross-striation could not be distin guished by 
o rdinary li g ht mi croscopic exam ination . E lastic fibers within the 
lesions appeared normal. 
The cytoplasm of the fibroblasts and the cells of vessel walls , 
hair fo llicles, and sweat glands often appeared granular, and the 
nuclei were sli ghtly shrunken . 
Electrical Lesions T he 50 Hz a.c. lesions were segmental with 
on ly 1 or 2 small segments present in a section . T he segments 
were macroscopicall y evaluated to be approximately 1 mm in 
diam eter. T he affected parts of the dermis had the ~ha pe of an 
inverted cone or a g lobe (Fig 1b). The depth of the segm ents is 
given in Table I. The thickness of dermis w as significantly smaller 
in the affected areas (p < 0.01) compared with unexposed skin . 
Many of the collagen fibers in the lesions were intensely ba-
sophilic, but eosinophilic fibers with s lightly altered stainability 
were also present. Small superficial lesions consisted exclusively 
of eosinop hilic fibers . Some of the eosinophilic fibers showed a 
rather densely spaced cross-striation . This cross-striation was more 
distin ct in polarized light with the 2 types of segments being of 
equal length (Fig 2c) . In addition, other eosinophilic fibers ex-
hibited coa rse irregu lar cross-striation. The basophilic fibers and 
Figure 1. Normal light microscopy of the immediate dermal chan ges in pig skin after app lication of heat and electrical energy. n, Heat lesion: the 
collagen fibers arc swollen and tightl y packed. b, 50 Hz a. c.: The lesion has the shape of a globe. The collagen fibers in this area are swollen and tightl y 
packed (lIrroll: ). c, Anode lesion: the collagen fibers in the upper half of the derl1lis arc tightl y packed and appear shrunken (arrolll) . d, Cathode lesion: 
the collagen fibers immediately beneath the epidermis arc compact (IIrrolll) . H & E stained sections. x 8. 
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a few eosino phili c fibers showed no birefrin gence. E las ti c fibers 
were un altered . 
M ost derm al cells in the les ions contained pykno ti c nuclei, but 
so m e presen ted enlarged " ves icular" nucl ei. 
A I/ ode lesiol/s from d .c. appli ca ti o n we re segm ental wi th an 
average of 5 seg m ents present in a sectio n . The diam eter o f the 
seg m en ts was larger th an th ose of 50 H z a.c. lesio ns. The affected 
pa rts of dermi s had th e spatial shapes of spheres, cylinders, o r 
in verted trun cated cones, w hi ch were sli g htl y larger than the 
correspo ndin g sectio ns of the affected part o f epidermis. The 
depth of the lesio ns is given in T able I. The thi ckn ess o f dermis 
was sig nifi ca ntly sm all er in the affected areas (p < 0. 001) com-
pared w ith co ntro ls. 
T he coll agen fib ers in the lesions were ti g htly packed and ap-
peared shrun ken , m os t of th em with sli ghtl y increased affinity 
fo r eosin (Fig l c). B aso phili c fibers we re occas io nall y present in 
sm all areas w ithin the les io ns immedi ately beneath the epidermis. 
Birefringence was absent in th e basophili c fibers and in so m e of 
the eosino phili c fibers w hil e others showed either a coa rse o r fin e 
cross-st ri ati o n (Fig 2d). T he el as tic fibers appea red unaltered. 
T he cells in th e superfi cial part o f the dermis within th e lesio ns 
were shrunken w ith sm all , dark-staining nucle i. 
Cath ode les iol/ S fro m d .c. appli ca ti on w er'e seg m ental w ith an 
average of 2 comparati vel y large segm ents present in a secti o n . 
T he affected parts o f th e dermis were either cylindri ca l o r had 
the shape of an in verted trun ca ted cone, and th ey extend ed at the 
pe ri p hery of th e lesio ns beyond the affected part o f th e epidermis. 
T H E .I0 UI~ N A L OF IN VESTIG ATIV E D EHM ATO LOG Y 
Figure 2. Polari zed li ght mi croscopy of 
the immediate changes in dermis after ap-
plica tion of heat and electri ca l energy. a, 
Un ex posed skin : the colla gen fibers show 
an alm os t uniform birefrin gence pattern 
without any cross-s triation. b, Hea t lesion: 
ill the periphery of the lesioll so me of the 
collagen fibers show a coa rse, irregular 
cross-striation (a/'l'(l 'I'h cad), while others 
show areas with no birefrin gence prop-
erties (arrolll ). c, 50 Hz a.c. lesion: so me 
of the eos inophili c collagen fibers show a 
fin e densel y spaced cross-s triation (arrolll-
head) , while others show a coa rse crOS5-
striation (arl'OlII). 1/, Anode lesion: the co l-
la gen fib ers show a coarse, irregular cross-
stria tion. c, Ca thode les ioll: the collagen 
fibers show a regular, densel y spaced cross-
stri ation (a rro w). H & E stain ed sections. 
x 50. 
The depth o f the seg m ents is given in T able I. T he thi ckness o f 
the dermi s was signifi cantl y smaller (p < 0.01) compared with 
un exposed skin . 
M ost o f the collagen fibers in the lesions sho w ed either a no rmal 
stain ability o r sli ghtly increased eosino phili a, but a densely spaced 
cross- striati on was present in m any of these fibers . The collagen 
fib ers immediately benea th the epidermis appeared compact with 
redu ced e sinsophili a (Fig Id). T hese areas did no t show an y 
birefrin gence in polari zed li g ht, whereas a densely spaced regula r 
cross- striati on w as present in all the co ll agen fib ers of the lesio ns 
(Fi gs 2e, 3). The el as tic fibers were un alte red . 
Within the affected areas the nuclei of the cell s in the upper 
o ne-third o f th e dermis, and in a few bio psies also , th e nuclei of 
cells situated close to th e subcutaneous tiss ue were enlarged and 
vesicular ("vesicular nuclei") . 
The thi ckn ess o f un affected dermis below the les io n as mea-
sured in polari zed li g ht w as signifi cantly small er in th e ca th ode 
area th an in the ano de area (Table I) . 
All bio psies w ere correctly judged as hea t lesio ns, 50 H z a.c. 
lesio ns, anode lesio ns, o r cath ode lesions in the blind eva luatio n . 
DI SC U SS ION 
The morpho logic appea rance o f the various dermal les ions in the 
present study differed bo th in rega rd to the confi g uratio n o f the 
lesions and the stru cture o f the collagen fib ers and th e appea rance 
of the derm al cell s. 
The difference in the shape of the lesio ns refl ects different pat-
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Figure 3. Polarized light microscopy of ca thodc lesion. In the compact 
layer beneath the epidermis (a yrow) thc collagcn fibcrs show no or onl y 
s light birefrin gcn ce. In the rcst o f the dcrmis nearl y all thc collagcn fibers 
show a regular. densel y spaced cross-s triation (a rro'''il cnd). H & E stained 
section. X 50. 
tern s o f ene rgy d issipatio n in thc tissue 11 7 1. While hea t energy 
s preads unifo rml y from th e appli cation site, depos itio n of elec-
trica l energ y depends upo n the pathway of the current. As the 
c urrent tend s to fa n o ut o ne w ould expect tissue damage o utside 
the entry area of the current. This was o bserved in o ur stud y, 
especia ll y in d .c. les io ns. 
C hanges in co ll agen fibers included both chan ges in sLa in ability 
a nd chan ges in st ru cture. T he basop hili c co ll agen fibe rs without 
b ire frin gence w hi ch were observed in heat lesions, in 50 H z a. c. 
lesio ns, and in anode les io ns have pro babl y been irrevers ibl y d am-
aged. The sa m e is pro babl y the case for the co mpa ct co ll agen 
fibe rs w ith redu ced eosinophilia and witho ut birefrin gence ob-
served in a supe rfi cial positio n in the dermi s in ca thode lesions. 
Co ll agen fibe rs with o nl y slig htl y altered stainability and with 
cross-stri atio n in po lari zed lig ht were presen t in all types o flesions 
of the p resent stud y. T his change pro babl y in di ca tes reversibl e 
d a m age to th e fibers . Because the cross- st riatio n of th e co ll agen 
fi bel's is d ue to seg m ent:l l absence of birefringence, the d iffere nt 
patterns of cross- stri ati on m ay sim ply reAect diffe rent deg rees of 
h eat d am age, th e m os t severe being associated w ith complete loss 
of birefringell ce. H owever , it d oes not see m like ly that heat gen-
e rat io n is res po ns ible fo r the widesp read, densel y spaced, reg ul ar 
c ross-s tri ation in the ca thode area, sin ce th e ca th ode les io ns no r-
ma ll y extended deeper in th e dermi s than anode les io ns, and s in ce 
more heat is gener:lted in th e anode area than in the ca tho de area 
[18), the vo ltage drop bein g 5 tim es larger in the anode areas th an 
in the ca th o de areas (unpublished data). Conseq uentl y , it also 
seem s unlikely that heat genera tio n sho uld be responsible for the 
presence of co ll agen fib ers w itho ut bircti' in gence and witho ut 
basophilia in the supe rfi cial part of the dermis in ca thode lesions. 
From the study o f the epiderm al lesions, we know that changes 
due to electro lys is dom inate in the ca tho de are:lS, w here the m ost 
c haracte risti c change within epidermal cells was the presence of 
"vesicul ar nu clei " alld such nucle i were also found afte r app li-
ca tion of bas ic solu tions [5). The observation of ves icul ar nu clei 
in the derma l cathode les ions therefore indi ca tes that a shi ft of 
pH in alk aline direct ion has taken place in the tiss ue and th at the 
d escribed changes of coll agen fibe rs in these areas are due to the 
electrolyt ic act io n o f th e current. T hi s suggesti o n is supported by 
the observatio n of a dense ly spaced , regular cross- striatio n inside 
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coll agen fi be rs o f skin areas exposed to I N sodium h ydrox ide 
(N aO H ) for 120 s, usin g po larized lig ht microscopy (preliminary 
unpublished stud y) . 
T he cross- striation of co ll agen fibers has been inte rpreted as a 
sig n of contrac tion of the fibers 11 71. H owever, the loss of bi-
refrin gence coul d also be d ue to coagulatio n o f proteog lyca ns o r 
o ther substances w ithin the fibers . 
It sho uld be st ressed that th e deep baso phi li a of the coll agen 
fibers descr ibed here docs no t show any resemblan ce to th e ba-
sophi li c ca lcium deposits o n colbgen fibers described ea rlier Jl 2 J, 
the fo rm er being ho m ogeneous, the latter crystalline-li ke. Whether 
the re is an y relationshi p between the uni fo rm fi ne cross-s triatio n 
of the fibe rs in the ca thod e lesio ns :l nd the calcifi ca tion observed 
in the sa m e fibe rs 2 da ys later 11 2 1 is not kn own at present. 
T he cellul ar m o rpho logy in the va rio us lesio ns was identica l 
to th at fo und in epidermis , w hi ch has been descr ibed in deta il 
ear lier [5]. 
By stud ying the epiderm al m orpho logy it is possible to d istin-
guish between hea t les io ns and th e vario us kinds of electrica l 
les io ns r5]. Sin ce epiderm is was present in all biopsies of the 
present stud y, the o bserver could have been b iased in the b lind 
eva lu at io n of the biopsies. H owever, the m o rph o logic d iffe ren ces 
o f the vario us derm al lesions was so m arked bo th qu antitatively 
and qualitative ly that is w ill be poss ible to dist in g ui sh between 
the various k inds of les ions in cases w he re epide rm al changes 
cannot be eva lu ated. 
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